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An apparatus for distributing RF power outputs to a first electrode in a parallel plate electrode system for generating plasma in 
depositing films on a substrate. A RF power output is applied to a distributed RF matching network to excite a plasma from a process 
gas stream to deposit a uniform film onto the substrate. The distributed matching network includes a load capacitor for receiving a radio 
frequency power input and an inductor having first and second ends with the first end coupled to the load capacitor. The matching network 
also includes multiple drive capacitors each of which couples the second end of the inductor to a different one of multiple points distributed 
on the first electrode. The capacitance of each drive capacitor is user-selectable, and the points on the backing plate to which the drive 
capacitors are coupled are user- selectable. 
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RF MATCHING NETWORK WITH DISTRIBUTED OUTPUTS 

Background 

This invention relates to systems and methods of 
film deposition, and more particularly, to improved 
systems and methods for depositing a high quality film 
onto a large area substrate. 

In recent years, liquid crystal cells have been 
developed to form high quality displays that are light- 
weight and consume low power. These liquid crystal cells 
typically include two glass substrates with a layer of a 
liquid crystal material sandwiched therebetween. 
Electrically conductive films are patterned on the 
substrates to form circuit elements such as thin film 
transistors (TFTs) . The substrate can be connected to a 
power source to change the orientation of the liquid 
crystal material such that various regions of the liquid 
crystal display can be selectively energized using the 
TFTs . 

Reactors for depositing films onto the large area 
glass substrates typically deploy plasma enhanced 
chemical vapor deposition (PECVD) equipment. A high 
frequency power supply is typically used to induce a 
breakdown of process gases within the PECVD process 
chamber. As glass substrates are typically much larger 
than silicon substrates, the dimensions of the electrode 
may approach the quarter-wavelength of the power supply 
frequency. Such conditions lead to an uneven discharge 
of electrical energy over the surface of the large 
substrate. This non-uniform voltage distribution can 
result in an uneven film deposition on the substrate 
surface . 

Traditional solutions to the uneven film 
deposition have involved adjusting various process 
variables, including pressure, gas composition, flow 
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rate, radio frequency (RF) power level, and electrode 
spacing. a.ong others. Adjusting these process variables 
works well for relatively small substrates. However, as 
the size of the substrate, the size of the chamber and 
the frequency of the power supply increase, the frlm 
deposited on the substrate may be non-uniform. 

Summary 

in general, in one aspect, an apparatus is 
disclosed for distributing RF power outputs to a first 
electrode in a parallel plate electrode system for 
generating plasma in depositing films on a substrate. 
The apparatus includes a RF power supply and a matching 
network coupling the RF power supply to multiple points 
distributed on the first electrode. 

in some implementations, the RF outputs are 
coupled directly to a backing plate which serves as the 
electrical connection between outputs from one or more 
matching networks and a shower head. 

in one exemplary implementation, the apparatus 
includes a load capacitor for receiving a radio frequency 
power input and an inductor having first and second ends . 
with the first end coupled to the load capacitor. The 
apparatus also includes multiple drive capacitors each of 
which electrically couples the second end of the inductor 
to a different one of multiple points distributed on the 

first electrode. 

in some implementations, the capacitance of each 
drive capacitor is user-selectable. similarly, in some 
implementations, the points on the first electrode 
which the drive capacitors are coupled are user- 
selectable. Such features allow a user to ad 3 ust the 
:a lues of the drive capacitors as well as the ocations 
of the points on the first electrode to which the drive 
capacitors are coupled to improve the uniformity of the 
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deposited film. 

The apparatus can be incorporated into a system 
for depositing a thin film, where the system also 
includes, for example, a vacuum chamber in which a 
substrate to be processed and the first electrode are 
positioned, a process gas source coupled to the first 
electrode to introduce a gas stream into the chamber, and 
a heater for heating the substrate in the chamber. 

The distributed impedance matching network can be • 
used in various plasma enhanced processing systems which 
include one or more RF power supplies. In systems having 
multiple power supplies, the distributed matching network 
can be used to couple, for example, a high frequency 
power supply to the first electrode. 

In another aspect, a method of processing a thin 
film on a substrate includes providing a radio frequency 
power input to a load capacitor and an inductor where the 
inductor is coupled to multiple drive capacitors, and 
applying an output of each respective drive capacitor to 
a different one of multiple points distributed on an 
electrode. In some implementations, the capacitance of 
each drive capacitor can be adjusted to arrive at a 
composite predetermined value. As previously noted, the 
values of the drive capacitors as well as the locations 
of the points on the electrode to which the drive 
capacitors are coupled can be adjusted to improve the 
uniformity of the deposited film. 

Various implementations include one or more of the 
following advantages. By supporting movable tie points 
from the RF power supply outputs to the electrode, the 
system provides a spatial control variable which allows a 
user to select or adjust the locations on the electrode 
to which the drive capacitors are coupled electrically. 
Additionally, by allowing a user to select the individual 
values of the capacitors, the system provides an 
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electrical control variable. The spatial control 
variable and the electrical control variable supplement 
the traditional process variables, including pressure, 
gas composition, flow rate, RF power level, and electrode 
spacing such that more uniform films are deposited. 
Substantially uniform films interface better to 
subsequently deposited layers. Other film properties 
such as density and stress also are improved, and a high 
deposition rate can be achieved. 

Other features and advantages of the invention 
will become apparent from the following description, 
including the drawings and claims. 

Brief Description of t he Drawings 
15 FIG _ i i s a cross-sectional view of a reactor for 

performing PECVD using a RF power supply matching network 
with distributed outputs in accordance with the 
invention . 

FIG. 2 is a block diagram showing a power supply 
20 and matching networks for driving a backing plate 

according to the invention. 

FIG. 3 is a schematic diagram illustrating a 
distributed matching network according to the invention. 

FIG. 4 illustrates an exemplary layout of various 
25 components associated with the distributed matching 

network . 

FIG. 5 is a partial cross-sectional view taken 

along lines V-V in FIG. 4. 

FIG. 6 is a partial cross-sectional view taken 

3 0 along lines VI -VI in FIG. 4. 

Detailed Desc ription 
Generally, in operation of the present invention, 
a large substrate is supported in a vacuum deposition 
35 process chamber, and is heated to several hundred degrees 
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Celsius (°C) . The substrate may be made of glass, quartz 
or a polymer such as plastic, among others. The 
substrate size can be, for example, approximately 650 by 
830 millimeters (mm) , although the trend is toward even 
larger sizes. Deposition gases are injected into the 
chamber, and excited by a dual RF power supply system. A 
plasma-enhanced chemical vapor deposition reaction occurs 
to deposit a thin film layer onto the substrate. The 
deposited thin film layer may be. a dielectric layer, such 
as silicon nitride (SiN) or silicon oxide (Si0 2 ) , or a 
semiconductor layer, such as amorphous silicon (a-Si) . 

Turning to FIG. 1, a PECVD system 130 includes a 
susceptor 135 having a stem 137. The susceptor 135 is 
centered within a vacuum deposition process chamber 133. 
The susceptor 13 5 holds a substrate 38, such as a large 
glass panel, in a substrate processing or reaction region 
141. A lift mechanism (not shown) is provided to raise 
and lower the susceptor 13 5. The substrate 3 8 is 
transferred into and out of the chamber 133 through an 
opening 142 in a sidewall 134 of the chamber 13 3 by a 
substrate transferring system (not shown) . The substrate 
3 8 is then heated, for example, to a temperature between 
about 250°C and 450°C, by a heater 70, which can be a 
resistive heater embedded in the susceptor 135. 
25 Alternatively, other suitable heaters can be used. 

One or more deposition process gases flow into the 
chamber 133 through a gas . source manifold 61 and a 
backing plate 126. The gas source manifold 61 receives 
gases from sources 56, 57, 58 and 59. The process gas 
30 flows through a perforated blocker plate 124 and multiple 

holes 121 in a process gas distribution faceplate or 
showerhead 122. Various showerhead configurations may be 
used., including those shown in U.S. Patent Nos . 
4,854,263, 5,611, 865 and 5,366,585, hereby incorporated 
35 by reference in their entirety. The electrode spacing or 
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the distance between the substrate surface and the 
discharge surface of the showerhead 122 can be between 
about 400 to 1,500 mils. The process gas flow is 
indicated by small arrows in the substrate processing 
region 141 of FIG. 1. During operation, the chamber 133 
is typically maintained at a pressure between about 0.4 
Torr and 3 Torr, and at a temperature between about 250°C 
and 450°C. 

In the chamber shown in FIG. 1, a plasma is 
generated to enhance the deposition process. The 
deposition process gases may be exhausted from the 
chamber through a slot-shaped orifice 131 surrounding the 
substrate processing region 141 into an exhaust plenum 
150. From exhaust plenum 150, the gases flow by a vacuum 
shut -off valve 154 and into an exhaust outlet 152 which 
connects to an external vacuum pump (not shown) . 

A manometer 63 measures the pressure of gases in 
chamber 133. The manometer 63 can be replaced, however, 
by numerous other types of pressure sensors. As an 
example, an ion gauge could be used. A governor 13 6 may 
be disposed in the exhaust stream to regulate the overall 
pressure in the chamber 133. A signal 151 from manometer 
63 may be used as an input to an electrical controller of 
the governor 136 so as to maintain the total chamber 

25 pressure constant. 

In the particular implementation shown in FIG. 1, 
a plasma ignition circuit having a dual frequency RF 
power supply system 50 is used. The dual frequency RF 
power supply system 50 includes a first or high frequency 
30 (HF) RF power supply generator 410, a second or low 

frequency (LF) RF power supply generator 430, a 
distributed impedance matching network 400 for the first 
power supply generator 410, and a matching network 226 
for the second power supply generator 430 (FIG. 2). The 
high frequency RF power supply 410 output is provided to 
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the distributed impedance matching network 4 00, and the 
low frequency RF power supply 430 output is provided to 
the low frequency (LF) matching network 226. Multiple 
outputs of the distributed matching network 400 are 
attached, as described in greater detail below, to the 
backing plate 126 which serves as the electrical 
connection between the outputs from the matching network 
400, 226 and the shower head 122. The matching network 
226 has only a single output and is attached, for 
example, to the center of the backing plate 126. In this 
manner, electrical power can be applied between the 
shower head 122 and susceptor 135 so as to excite the 
process gas mixture to form a plasma. Although the 
particular implementation shown in FIGS. 1 and 2 
illustrates a dual frequency RF power supply system, the 
distributed impedance matching network 400 can be used in 
systems using a single frequency power supply, as well 
systems using more than two power supplies. 

An equivalent circuit of the distributed output 
for the matching network 400 is shown in FIG . 3 . An RF 
input connector is provided to one end of a load 
capacitor 201 and to one end of an inductor 240. The 
second end of the capacitor 201 is grounded, while the 
second end of the inductor 240 is connected to drive 
capacitors 203, 205, 207, 209, 211, 213, 215 and 217. 
The outputs of the drive capacitors 203, 205, 207, 209, 
211, 213, 215 and 217 relative to ground are the 
distributed outputs of the RF matching network 400. Each 
of the distributed outputs of the RF matching network 400 
is coupled electrically to the backing plate 126 by 
respective conductive straps 402A through 402H. 
Additionally, each strap 402A through 402H can be 
connected by a user to the backing plate 126 at one of 
several respective possible drive or tie points located 
on the upper side of the backing plate 126. For example. 
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conductive strap 402A can be tied to tie point 280A, 280B 
or 280C (collectively, tie points 280) . Similarly, 
conductive strap 402B can be tied to one of three tie 
points 282A, 282B or 282C (collectively, tie points 282) , 
5 and the other conductive straps 4 02C through 4 02H can be 

tied to respective groups of tie points 284, 286, 288, 
290, 292 and 294 as shown in FIG. 3. Each of the tie 
points 280, 282, 284, 286, 288, 290, 292 and 294 includes 
a conductive stud that screws into the top of the backing 
10 plate 126 and provides a technique for easily removing 

and repositioning the output of each drive capacitor 203, 
205, 207, 209, 211, 213, 215 and 217 in one of several 
positions on the backing plate 126. Alternatively, each 
tie point is slidable along a respective track (not 
15 shown) and can be fixed to the backing plate 126 in one 

several positions. Thus, the respective locations on the 
backing plate 126 to which the drive capacitors 203, 205, 
207, 209, 211, 213, 215 and 217 are coupled electrically 
can' be selected by a user. Although three tie points are 
shown for each strap 402A through 402H in FIG. 3, fewer 
or more tie points can be provided on the backing plate 
12 6 for each conductive strap. 

A predetermined composite capacitor value is 
determined experimentally for the particular system 130 
to provide proper impedance matching between the chamber 
133 and the power supply 4 JO. The values of the 
particular capacitors 203, 205, 207, 209, 211, 213, 215 
and 217 are selected by a user such that the combination 
of the parallel capacitors 203, 205, 207, 209, 211, 213, 
30 215 and 217 has an equivalent capacitance equal to the 

predetermined composite capacitor value. In general, the 
best values of the capacitors 203, 205, 207, 209, 211, 
213, 215 and 217 are determined experimentally. 

In general, the load capacitor 201 can include a 
single capacitive element or multiple capacitive elements 
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electrically coupled together. Similarly, each drive 
capacitor 203, 205, 207, 209, 211, 213, 215 and 217 can 
include a single capacitive element or multiple 
capacitive elements electrically coupled together. In 
various implementations, the capacitors 203, 205, 207, 
209, 211, 213, 215 and 217 can be either manual variable 
capacitors or motor-driven variable capacitors, thereby 
allowing a user to select and change the value of one or 
more of the capacitors 

In one implementation, the load capacitor 201 is 
mounted in a load capacitor assembly 200 (FIGS. 4, 5 and 
6). As illustrated in FIG. 4, the load capacitor 
assembly 200 includes three mount positions 180, 182, 184 
which are adapted to receive up to as many as three 
capacitive elements that form the load capacitor 201. 
One side 181 (FIG. 6) of the assembly 200 is grounded by 
being electrically attached to the body of an input 
connector. The other side 183 of the assembly 200 is the 
RF input to the HF matching network 400 and is attached 
to a center contact of the input connector. 

As illustrated in FIGS. 4-6, each drive capacitor 

203, 205, 207, 209, 211, 213, 215, 217 is mounted in a 
respective drive capacitor assembly 202, 204, 206, 208, 
210, 212, 214 and 216. Each of the drive assemblies 202, 

204, 206, 208, 210, 212, 214 and 216 is attached to the 
underside of the conductive plate 250 and is electrically 
coupled to the backing plate 126 by one of the conductive 
straps 4 02A through 402H. Each of the drive capacitor 
assemblies 202, 204, 206, 208, 210, 212, 214, 216 
includes three mount positions which are adapted to 
receive up to as many as three capacitive elements that 
form one of the drive capacitors 203, 205, 207, 209, 211, 
213, 215 and 217. Specifically, the drive capacitor 
assembly 202 has mount positions 190A, 190B and 190C, the 
drive capacitor assembly 204 has mount positions 191A, 
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191B and 191C. the drive capacitor assembly 206 has mount 
positions 192A. 192B and 192C, and the drive capacitor 
assembly 208 has mount positions 193A, 193B and 193C. 
Similarly, the drive capacitor assembly 210 has mount 
positions 194A. 194B and 194C, the drive capacitor 
assembly 212 has mount positions 195A, 195B and 19SC the 
drive capacitor assembly 214 has mount positrons 196A, 
!96B and 196C. and the drive capacitor assembly 216 has 

1Q7R and 197C. Once mounted, one 
mount positions 197A, 197B ana is/>- 

side o£ each drive capacitor is electrically in contact 
with the output side of the inductor 240, while the other 
side is electrically in contact with the backing plate 

As illustrated by FIG. 4, according to one 
5 implementation, the layout of the drive capacitor 

assemblies 202. 204, 206, 203, 210, 212, 214 and 216 on 
th e conductive plate 250 is such that the assemblies are 
separated from one another by approximately 4 5 degrees. 
The tie points 280, 2S2, 284, 28., 28S, 2,0, 292 and 294 
are positioned on the baching plate 126 and are located 
directly below the associated one of the capacitor 
assemblies. Thus, the groups of tie points also are 
separated from one another by about 45 degrees. The 
i/dividual tie points in a particular group, for example, 
25 tie points 280A, 230B and 280C are posi ioned » - ; 

on the backing plate 126 such that the tie p 
closest to the center of the backing plate, the : ti Point 
280B is somewhat further from the center, and the 
point 280C is furthest from the center. 

A high frequency (HF) monitor box 224 also is 
located on top of the chamber 133. The HF monitor box 
224 analyzes various voltage and current <»<*>»" . 
presented at the matching network outputs from the dr ve 
capacitors 203, 205, 207, 209, 211, 213, 215 and 217 to 
35 determine losses in the matching network 400. 
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In addition, a gas feed connector 230 (FIGS. 4 and 
5) is associated with the backing plate 126 and supplies 
process gas to the system. Process gas enters at the 
bottom of the connector 230 and travels through a tube on 
top of the connector 230 and through a gas voltage 
isolation assembly 232 (FIG. 5) . The gas voltage 
isolation assembly 232 includes a glass tube which is 
surrounded by a resistor 235 to grade the voltage from 
ground to a high voltage point on the top of the backing 
plate. Gas is introduced through the backing plate 126 
and delivered to a plenum 125 area below the backing 
plate 126 and above the showerhead 122 (FIG. 1) - Gas 
then is forced to flow through the showerhead 122 into 
the process chamber 133. The resistor 235 grades the 
voltage to prevent electromagnetic fields from bunching 
at the end of the tube and, thus reduces or eliminates 
electrical discharges inside the gas tube. 

RF power input connectors 231, 237 (FIGS. 4 and 5) 
also are associated with the backing plate 126. The RF 
power input connector 231 receives the high frequency 
power input from the high frequency power supply 410, and 
the RF power input connector 23 7 receives the low 
frequency power input from the power supply 43 0. The 
connectors 231, 237 face downward such that power coaxial 
cables may be dressed up in a vertical fashion. 

To dissipate heat from the backing plate 126, a 
copper tube 223 (FIGS. 4-6) circulates water to cool the 
plate 126. The tube 223 is grounded and is mounted above 
an insulating plate 264 (FIGS. 5-6). The circulation of 
water through the tube 223 cools the top 126A of the 
backing plate 126 below 100°C to protect various 
elastomeric seals located in the chamber 133. 

By supporting movable tie points from the RF power 
supply outputs to the topside of the backing plate, the 
system provides a spatial control variable which allows a 
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US er to select or adjust the locations on the bating 

plate to which the drive capacitors are coupled 

Electrically. Additionally. h y allowing a user to select 

the individual values of the capacitors 203 , 205. 207, 

209, 211, 213, 215 and 217, the system provides an 

electrical control variable. The spatial control 

triable and the electrical control variable supplement 

Ihe traditional process variables, including pressure, 
the traai F x ^ and electrode 

aas composition, flow rate, 

Lacing such that more uniform films can be deposed. 
10 spacmy ^o^-iY^d a user can adjust 

Specifically, as previously described, a us 
the values of the variable drive capacitors as well as 
t . h , r vi na nlate to which 

the locations of the points on the backing px 

the drive capacitors are coupled to improve the 
uiie ^i-x ^ • i _ nt . hpr film properties 

15 uniformity of the deposited film. Other fxl P P 

sucn as density and stress also are improved, and a high 
deposition rate can be achieved. As previously noted, 
the oPtLal capacitor values and the optimal positions of 
the tie points are determined experimentally for a given 

20 configuration. v.„_ 

Although the present invention has been 
illustrated and described in the context of a PECVD 
system, the present invention is applicable to other 
types of CVD systems as well as systems using other 
pILma enhanced processing methods, such as •«>•»*• 
Similarly, although the particular embodi ment described 
above shows eight distributed outputs that are arranged 
in a radial manner with respect to the center of the 
backing plate 12, , any number of distributed outputs may 
be used in any configuration. As previously discussed, 
usa of a distributed impedance matching network is not 
limited to systems with a dual frequency power supply. 
Rather the distributed matching network can be 
^orated into systems having only a single frequency 
power supply as well as systems using power supplies 
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having more than two frequencies. Changes to the gas 
mixtures, temperatures and pressures also can be made. 

In some implementations, instead of tuning the 
frequencies of the power supplies, the impedance matching 
circuits can be tuned. Moreover, various electrode 
spacings may be used, and various sequences of heating 
and cycling of the power supplies can be carried out, 
depending upon the films and deposition sequences 
desired. 

Other implementations are within the scope of the 

claims . 
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What is claimed is: 

1. An apparatus for distributing RF power 
outputs to a first electrode in a parallel plate 
electrode system for generating plasma in depositing 
films on a substrate, the apparatus comprising: 

a load capacitor for receiving a radio frequency ^ 

power input ; 

an inductor having first and second ends, the 

first end coupled to the load capacitor; and 

a plurality of drive capacitors each of which 
electrically couples the second end of the inductor to a 
different one of a plurality of points distributed on the 
first electrode. 

2. The apparatus of claim 1, further 
including a cooling system coupled to the first 
electrode. 

3 The apparatus of claim 1, further 
including a high frequency power supply for supplying the 
radio frequency power input to the load capacitor and the 
inductor . 

4. The apparatus of claim 3, further 
including a low frequency power supply coupled to the 
backing plate . 

5 The apparatus of claim 1, wherein the 
capacitance of each drive capacitor is user-selectable. 

6. The apparatus of claim 1, wherein the 
points on the first electrode to which the drive 
capacitors are coupled are user-selectable. 

7. An apparatus for distributing RF outputs 
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to a to a first electrode in a parallel plate electrode 
system for generating plasma in depositing films on a 
substrate, the apparatus comprising: 
a first RF power supply; and 
5 a first matching network coupling the first RF 

power supply to a plurality of points distributed on the 
first electrode. 

8. The apparatus of claim 7, wherein the 
XO first matching network further comprises: 

a load capacitor for receiving a radio frequency 
power input; 

an inductor having first and second ends, the 
first end coupled to the load capacitor; and 
15 a plurality of drive capacitors each of which 

couples the second end of the inductor to a different one 
of the plurality of points distributed on the first 
electrode . 



20 



9. The apparatus of claim 8, further 

including : 

a second RF power supply; and 
a frequency matching and filtering network 
coupling the second RF power supply to the first 
25 electrode. 

10. The apparatus of claim 8, wherein the 
capacitance of each drive capacitor is user-selectable. 

30 ii. The apparatus of claim 8, wherein the 

points on the first electrode to which the drive 
capacitors are coupled are user- selectable . 

12. A method of processing a thin film on a 
35 substrate, comprising: 
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providing a radio frequency power input to a load 
capacitor and an inductor, the inductor being coupled to 
a plurality of drive capacitors; and 

applying an output of each respective drive 
capacitor to a different one of a plurality of points 
distributed on a first electrode in a parallel plate 
electrode system for generating a plasma. 

13. The method of claim 12, further 
including adjusting the capacitance of each drive 
capacitor to arrive at a composite predetermined value. 

14. The method of claim 12, further 
including adjusting locations of the points on the first 
electrode to which the plurality of drive capacitors are 
coupled to improve the uniformity of a deposited film. 

15. The method of claim 12, further 
including adjusting the capacitance of each drive 
capacitor to improve the uniformity of a deposited film. 

16. A system for depositing a thin film, the 
system comprising: 

a vacuum chamber in which a substrate to be 
processed can be positioned; 

an electrode positioned in the vacuum chamber; 

a process gas source coupled to the electrode to 
introduce a gas stream into the chamber ; 

a heater for heating the substrate in the chamber; 

a load capacitor for receiving a radio frequency 

power input ; 

an inductor having first and second ends, the 
first end coupled to the load capacitor; and 

a plurality of drive capacitors each of which 
couples the second end of the inductor to a different one 
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15 
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of a plurality of points distributed on the electrode. 

17. The system of claim 16, further 
including a cooling system coupled to the electrode. 

18. The system of claim 16, further 
including a first RF power supply for supplying the radio 
frequency power input to the load capacitor and the 
inductor . 



19. The system of claim 18, further 
including a second RF power supply coupled to the 
electrode. 

20. The system of claim 16, wherein the 
capacitance of each drive capacitor is user-selectable. 

21. The system of claim 16, wherein the 

20 points on the electrode to which the drive capacitors are 

coupled are user-selectable. 
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